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Introduction

Results

Biodiversity (or biological diversity) refers to the variety of life on Earth, most
commonly measured as the number of species (Secretariat of Convention of
Biological Diversity, 2000). Currently, 36 areas globally meet the criteria to be
classified as a “biodiversity hotspot,” namely (1) 1,500 endemic vascular plants
exist (species present that cannot be found anywhere else), and (2) ≤30% of the
original native vegetation is present (Biodiversity Hotspots, n.d.). These areas are
rich in endemic species, but they are threatened by human population; hotspots
are located in underdeveloped countries where humans are more willing to exploit
natural resources that are easily obtainable and cheap (Diamond, 2012). This
research maps and summarizes the history of biodiversity hotspots with respect to
changes in human population and land use within the hotspots from 1000 to 2000
CE. This study examines data every 200 years from 1000 CE to 2000 CE to
determine the past changes to biodiversity hotspots and which hotspots have been
most and least impacted by human development. Previous studies began their
analyses at 1500 CE or 1700 CE and analyzed land-use with biomes but not human
population totals.

The total population count and the percentage of undeveloped land both increased most
significantly from 1600 to 2000 within all of the terrestrial hotspots. Twenty-one hotspots had
an increase in undeveloped land from 1000 to 2000 while fourteen had a decrease and one had
no change. There seems to be a geographic pattern in which the hotspots located in the Pacific
Ocean have the most undeveloped land. All the existing hotspots had an increase in the total
population count. Notable results pertaining to the most severely impacted hotspots are as
follows:
• Three biodiversity hotspots with the highest percentage of undeveloped land seem to
appear in the southwestern Pacific Ocean, including New Caledonia (east of Australia) and
New Zealand (southeast of Australia). In the 1980s, New Zealand took steps to protect these
biodiversity hotspots and to begin using their natural resources in a more sustainable
manner (Secretariat of the Convention on Biological Diversity, n.d.), which can help explain
the cause of the increase in undeveloped land in 2000 (as seen in Figure 1).
• New Caledonia is the least threatened hotspot as the percentage of undeveloped land has
been consistently 100% from 1000-2000 CE. The biodiversity hotspot with the greatest
undeveloped land percentage was New Caledonia which stayed consistently at 100% from
1000-2000, with population increasing from 9,304 to 186,960 from 1000 to 2000. New
Caledonia also had the smallest population in 2000 was New Caledonia with a value of
186,960. The landscape of New Caledonia has been largely protected which can be
attributed to the low population density as well as the views held by the indigenous people
of the area, the Kanak (Allenbach, n.d. & Horowitz, 2001). The Kanak believe their cultural
heritage is tied to the environment. destruction to the environment, thus they prevent
exploitation, deforestation, and pollution from economic activities such as mining and
fishing to protect their culture and traditions (Horowitz, 2001). However, a variety of impacts
could be extremely harmful for the hotspot, such as climate change, increased popularity in
mining, wildfires, agricultural methods, and urbanization (Allenbach, n.d.).
• The New Zealand hotspot (as seen in Figure 3) increased in percentage in undeveloped land
from 29.947% in 1000 to 100% in 2000 (remaining relativity consistent between 10-12%
from 1200-1800), while the population was 15,077 in 1200 (the population was not
recorded in 1000) and rose to 3,569,348 in 2000.
• The hotspots of Sundaland (western Indonesian archipelago) and Indo-Burma (located in
Cambodia, Laos, Myanmar, Thailand, Vietnam, and southern China) are some of the most
threatened hotspots since the population drastically increased from 3,339,947 to
203,272,736 and from 8,082,816 to 330,874,368 respectively between 1000-2000 CE.
• The Sundaland hotspot (seen in Figure 5) is impacted heavily by population as 70% of the
land has been modified by human use, as of 2020, which includes logging and deforestation
due to agriculture and plantations (seen in Figrue 6) (Verma et. al, 2020).
• The Indo-Burma hotspot (as seen in Figure 4) had notably the largest population among all
36 hotspots. The Indo-Burma hotspot had the largest population in 2000, 330,874,368,
which increased from 8,082,816 in 1000 while the percent of undeveloped land changed
from 1.214% in 1000 to 0.898% in 2000. These areas have been undergoing rapid
development which in turn decreasing the poverty rates but impacting the environment
severely as the countries became more dependent on natural resources (The Indo-Burma
Hotspot, n.d.).
• The Western Ghats and Sri Lanka hotspot (located in southwestern India and southwestern
Sir Lanka) is the most threatened when examining the percentage of undeveloped land as
the landscape has drastically changed starting in the 1800s and continuing in the 2000s to
present day as the forests and natural vegetation are being destroyed to create cultivated
lands, hydroelectric reservoirs and plantations (Western Ghats & Sri Lanka Biodiversity
Hotspot, 2007). In 2000, the Western Ghats and Sri Lanka biodiversity hotspot had the
lowest percentage of undeveloped land, 0.044%, which stayed relatively constant from 1000
to 1800 with a value of 0.177%. However, the population within this hotspot has increased
from 5,155,197 to 47,104,016 from 1000 to 2000 (as seen in Figure 2).
• Following New Caledonia, the biodiversity hotpot with the second smallest population in
2000 was Succulent Karoo (located in southwestern Namibia and in northwestern South
Africa), whose population reached 361,530 from 6,300 in 1000, and the amount of
undeveloped land changed from 58.739% to 26.934%. The Succulent Karoo hotspot faces
pressure from various human activities including mining, overgrazing, illegal collection of
animals and wild plants and because of climate change, however, due to the low human
population there are many opportunities in which the biodiversity can be protected (The
Succulent Karoo Hotspot, 2003).

Data and methods
This analysis was conducted in 7 steps . All steps were performed using ArcGIS Pro
GIS software (Esri, 2021).
1. A biodiversity hotspots shapefile was downloaded from Conservation
International (Hoffman et. all, 2016) with data from 2016 and then was clipped to
show the location of only the terrestrial biodiversity hotspots by using a world
countries shapefile layer (Esri, 2010).
2. Gridded human population data and anthropogenic land-use estimates at 10 km
resolution were downloaded for every 200 years between 1000-2000 CE from the
Data Archiving and Networking Services; both sets of data were created by Klein
Goldewijk (Goldewijk, 2017). Goldweijk estimated the population data and landuse data by using primarily historical population estimates and satellite data,
respectively. The land-use layer was initially characterized into 20 categories
distinguishing between urban areas, dense settlements, croplands, rangelands.
Semi-natural woodlands and wild areas.
3. To prepare the data for analysis, the layers were reprojected into the same
coordinate reference system: WGS 1984.
4. Zonal operations were used to calculate the total human population within the
biodiversity hotspots. Specifically, all cells with human population estimates were
summed together if they fell within a given biodiversity hotspot.
5. The anthropogenic land use layer was reclassified to differentiate between
developed and undeveloped land. The developed land consisted of urban areas,
dense settlements, villages, croplands, and semi-natural woodlands, while the
undeveloped land consisted of undeveloped rangeland and wild remote areas.
6. Zonal operations were then used to calculate the average developed area within
each hotspot.
7. Graduated symbol maps were created for both the population count and the
percentage of undeveloped land within the terrestrial biodiversity hotspots for
every 200 years from 1000 to 2000 CE. Dual axis line graphs were created for two
of the hotspots to directly visualize the relationship between the population and
the percentage of undeveloped land.
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Figure 1 (shown on the left) displays the total population count and the percentage of
undeveloped land in the New Zealand Hotspot from 1000-2000.
Figure 3: The New Zealand biodiversity hotspot (National Geographic Society,
2019).

Figure 2 (shown on the right) displays the total population count and the percentage of
undeveloped land in the Western Ghats and Sri Lanka Hotspot from 1000-2000.
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Figure 4 (to the left): The IndoBurma biodiversity hotspot
(Conserving the natural wealth
of the Indo-Burma Biodiversity
Hotspot 2017).
Figure 5 (to the bottom left):
The Sundaland biodiversity
hotspot
(Sundaland, n.d.).
Figure 6 (to the bottom right):
Workers moving oil palm fruits
on a plantation in the Sundaland
hotspot (Sundaland - threats,
n.d.).
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